INTRODUCTION
Silt erosion refers to the impingement of silt embedded in a fluid medium such as water; air, etc. on surfaces that come across the path of flow of the medium. The silt mostly contains fine SiO2 particles with a hardness of '7' in the MohsScale [1] [2] [3] . Thus, the impingement of the hard silt particles on the attacked surface damages the surface from abrasion and/or deformation, over a period of time. This phenomenon of silt erosion is of specific interest concerning various machineries involved with the marine, mining, manufacturing and hydropower-generating units that opt for handling aggressive materials such as silt embedded in the run-of-river, for their operation. For instance, hydro turbines, which require a high-water head for their operation, have the different components like the nozzle, needle and buckets exposed to severe erosive actions of the silt contained in the river water that strikes the different parts with great force. These striking hard silt particles damage the different constituent components of the turbine through cutting, fatigue, brittle fracture and plastic deformation.
The material separation of the constituent components such as a bucket of the turbine over a period of time may even change the geometry of the component influencing the path and pattern of strike water. Such changes in the path and pattern of strike of the water stream bring in serious alterations in the quantum of transfer of kinetic energy from the water stream to the bucket affecting the performance of the machine adversely and lowering its efficiency. Thus, study of silt erosion and associated quantification of metal loss to predict the life span of Impact Factor (JCC): 6.8765 NAAS Rating: 3.11 different components of the machine for its safe Silt erosion of the machine component is caused principally due to the passage of the water stream containing hard silt particles through the machines initiating a dynamic action of the silt on the surfaces of the components that it strikes. The massive effect of the striking silt can be understood from the data reported by some experimenters according to which some hydro turbine units have to operate under serious abusive conditions due to exposure to as high as 10,000 tons of silt per day per machine, contained in the run of river, in the rainy season [4] . Due to practical as well as economic reasons, different flushing/settling/sedimentation units allow the passage of silt particles less than 0.2mm in the treated river-water-stream while preventing the passage of bigger fractions. Therefore, the hydraulic machines operating, based on the transfer of kinetic energy from the flowing water stream, have to handle silt particles less than 0.2mm. However, several practical examples settle that even < 0.2mm sized silt particles impart noticeable damage and metal loss to the machine component on its impingement, on the concerned surface.
Silt erosion is expressed quantitatively by a parameter known as Erosion Rate, W, which is given as the material loss per unit time on account of silt impinge on the target material as influenced by the various operating conditions, properties of the striking silt and the properties of the target material. Time of exposure and the angle of impingement of the silt particles in the target material constitute two of the most important operating parameters influencing the silt erosion rate. It is reported [5] that the erosion rate is severe at lower impingement angles for ductile materials, the rate being maximum at an Impingement angle between 10 0 to 30 0 while the same, assumes lower values for 90 0 incidents. Bhusan [6] predicts a comparatively higher erosion rate for brittle material in relation to that for ductile materials while the findings of Chen [7] reflect a reverse opinion. The effect of time of exposure of target material to the silt attack is expressed in terms of the flux-rate, which is defined as the mass of the eroding particles per unit area of the target material per unit time. It is interesting to note that beyond a certain flux rate the erosion rate actually reduces with the increase of the flux rate.
Experimenters suggest that, decrease of the erosion rate with the flux rate after a certain initial period could be a result of the particles rebounding from the target surface thereby obstructing the freshly arriving particles reducing the effective flux rate.
Several experimenters have developed empirical relationships, expressing the erosion rate as a function of different operational parameter, properties of the target material and the characteristics of the eroding particles [9] [10] [11] [12] [13] [14] [15] [16] .
These models provide a tool for quantification of metal loss from the target material under specific conditions Conducted and the model is proposed. The present work is one such attempt. Instead of proposing a fresh model in terms of their experimental results, the experimenters have compared these with the calculated values obtained using
Finnie's Model. This model is chosen since it is developed for ductile materials like the mild steel.
EXPERIMENTAL
The experimental setup comprised of a mild steel, bottom-end-closed drum with a lid having an opening at the centre for introducing the specimen-carrier-shaft that could rotate through a motor-stepped pulley assembly. The pot tester was riveted on to the ground to minimize the vibration during operation. The shaft of the 3-phase, 1500rpm motor was coupled through a V-belt to the shaft carrying the samples for its rotation. The shaft was supported by a ball bearing at its top end near the stepped pulley and a mild steel sleeve welded to the bottom plate of the drum for holding it in position for After every hour of operation, the machine was switched off. The shaft was dismantled. The specimens were unbolted, wiped clean and dried and their respective weights were recorded. The surface hardness of the test specimens was measured. The photograph of the specimens after every hour of experimentation revealed the surface condition changes due to silt attack. The specimens were re-set on the shaft and the experiment was conducted in a similar way for the 2 nd hour. This was continued in the 3 rd and the 4 th hours respectively, and the weight losses, changes in the surface conditions and surface hardness and cumulative weight loss were recorded. 
RESULTS
The hourly weight loss of the samples is presented in weight loss data is also graphically presented in Figure 5 through Impact Factor (JCC): 6.8765 NAAS Rating: 3.11 
DISCUSSIONS
It is interesting to note that the cumulative mass loss versus the time of impingement curve shows an upward trend over the entire period of experiment. This establishes the fact that under the bounds of the experimental conditions the weight loss due to silt erosion increases with the time of exposure of the test specimens to the silt attack. However, a closure look at the curves reveals that the enhancement of the erosion rate (rate of metal loss) is not constant over the total period of experimentation. For all the samples, for the 1 st hour, the metal loss increases at a higher rate. For the samples inclined at 5 0 and 90 0 the increase of rate of metal loss subsequently decreases where as for the sample inclined at 45 0 to the direction of flow of slurry, the rate of mass loss over the entire period is almost constant. This is attributed to the various mutually competing factors such as the increase of hardness of the substrate material due to particle impingement and the effective flux rate, the related mechanism involved etc.
As evidenced from Table 8 and Figure 4 the surface hardness of the target surface increases with the increase of time of exposure of the test specimen to the silt attack. Obviously, as a consequence of increase in the surface hardness the subsequent rate of metal loss decreases with time. This is in line with the findings of the metal does not change much, erosion rate does not change significantly though with the increase of softness of the metal the erosion rate becomes higher undergoing a significant change. The decrease of the rate of erosion may also be a consequence of gradual rounding up of sharp edged hard silica particles with the lapse of time; since even hard particles with rounded edges cannot causes severe erosion [18] as a thumb rule. Thus, particles with rounded edges exhibit lower erosion rates where as the reverse is true in case of angular particles with sharp edges [19, 20] . The lowering in the erosion rate may also be a result of the decreased flux-rate, which is expressed in terms of the mass of the eroding particles incident per unit area of the target surface per unit time. After certain initial time lapse, the particles rebounding from the target surface are most likely to interfere with the freshly arriving particles reducing the effective flux-rate, thus lowering the rate of metal loss [21] .
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Ductile materials like the mild steel test specimens in the present case show severe erosion at lower impingement angles, the maximum erosion rate being observed between 10 0 to 30 0 angles of impingement [21] . Matsumura et.al. [22] , on the basis of their experimental results, have shown that erosion rate of ductile materials is higher compared to that of brittle materials, in general. In the present case for low angles of impingement (say 5 0 ) the mechanism involved is a cutting mechanism whereas for high impact angles (say90 0 ) the same adopts a fatigue erosion mechanism. Resulting in ways built up, being involved in ploughing that is a less efficient mechanism for metal removal. Thus, the subsequent detachment of metal debris is caused due to further repeated hitting of the solid grit and as witnessed from the experimental results, for 90 0 incident the metal loss from the target surface assumes lower value. This is clearly evident from the related photographs However, for 45 0 impingements, the angle of impingement is neither very high nor very low. The erosion mechanism involved may include both cutting and fatigue erosions in this case. It is well accepted that material removal from the target surface is faster if the mechanism involves both cutting and fatigue [23] . On account of the above, the material being ductile mild steel, erosion rate assumes higher values in the present case for the sample inclined at 45 0 to the flow direction of the slurry. Thus, despite of the factors decreasing the erosion rate for this sample adopts an increasing trend throughout the entire period of its exposure to the silt attack as presented in table 1-11 and figure 1-8
Comparison of Experimental metal loss and calculated avg. metal loss
The Finnie's model, on the basis of calculation in Appendix D is presented in figure 8 . From the figure following can be concluded. Thus, it can be observed For lower angles of impingement, the results agreed the most, the difference between the two being a mere 1.02%.
For 45 0 impingements, the model yielded a lower result than the experimental results, the difference being 1.2%. 
APPENDIX C Experimental setup for Pot Test Rig
• DOL STARTER: (direct on line)
• THREE PHASE ELECTRICAL MOTOR
• WATER TANK
• ROTATING SHAFT
• PULLEY AND BELT ARRANGEMENT
• FIXTURE SHAFT
DOL STARTER AND THREE PHASE ELECTRICAL MOTOR
Direct online starter is preventing the motor from the damage caused due to heavy current flow.
A 3 Phase motor of 1500rpm was used for rotating the whirling arm along with a DOL starter.
ROTATING SHAFT AND FIXTURE SHAFT WITH SPECIMENS Q = 0.1019 gms
Slurry whirling arm to which specimen are fixed and the arm is connected to the pulley for
WATER TANK AND STEPPED CONE PULLEY:
Pragyan Senapati, Rakeshasharma. K. R, M. K. Padhy & U. ND THREE PHASE ELECTRICAL MOTOR
Figure 10
Phase motor of 1500rpm was used for rotating the whirling arm along with a DOL starter.
ROTATING SHAFT AND FIXTURE SHAFT WITH SPECIMENS Figure 11
Slurry whirling arm to which specimen are fixed and the arm is connected to the pulley for Direct online starter is preventing the motor from the damage caused due to heavy current flow.
Slurry whirling arm to which specimen are fixed and the arm is connected to the pulley for power transmission.
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Figure 12
Water tank or drum of 52.07cm height and 19 cm radius.
Pulley and Belt setup are attached to the motor and the other to the whirling arm. 
THE SPECIMENS BEFORE EXPERIMENTATION

